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Introduction
Until recently, data on kaon photoproduction reactions in the resonance region, because of an intrinsic experimental difficulty, were scarce and had low precision. As a consequence, resonance couplings to either KΛ or KΣ were poorly known [1] . With the recent release of high-quality data by SAPHIR [2], CLAS [3, 4] to complete the meson photoproduction database. Several theoretical analyses [7] [8] [9] [10] [11] [12] [13] [14] of these new data have been performed. All suggest that new resonances should be incorporated in the nucleon spectrum. They also underline the importance of polarization observable measurements in order to resolve ambiguities in the multipole extraction and make their conclusions stronger.
In the present work, we report on measurements of the beam asymmetry Σ and hyperon recoil polarization P for the reactions γp → K + Λ and γp → K + Σ 0 , over large energy (from threshold to 1500 MeV) and angular (θ cm = 30-140
• ) ranges. For the first time, the region below 1500 MeV is extensively covered with high-precision Σ data.
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General description
The experiment has been carried-out with the GRAAL facility (see [15] for a detailed description), installed at the European Synchrotron Radiation Facility (ESRF) in Grenoble (France). The tagged and polarized γ-ray beam is produced by Compton scattering of laser photons off the 6.03 GeV electrons circulating in the storage ring.
In the present experiment, we have used a set of UV lines at 333, 351 and 364 nm produced by an Ar laser, giving 1.40, 1.47 and 1.53 GeV maximum energies, respectively. Some data were also taken with the green line at 514 nm (maximum energy of 1.1 GeV).
The photon energy is provided by an internal tagging system. The position of the scattered electron is measured by a silicon microstrip detector (128 strips with a pitch of 300 µm and 1000 µm thick). The energy resolution of the tagging system is 16 MeV (FWHM). A set of plastic scintillators used for time measurements is placed behind the microstrip detector. Thanks to specially developed electronics which synchronize the detector signal with the RF of the machine, the resulting time resolution is ≈ 100 ps. The coincidence between detector signal and RF is used as a start for all Time-of-Flight (ToF) measurements and is part of the trigger of the experiment.
The γ-ray beam polarization is calculated using the expression derived by Arutyunian et al.
[16] from the KleinNishina formula. The UV beam polarization is close to 1 at the maximum energy and decreases smoothly with energy to around 60% at the KΛ threshold (0.911 GeV). Based on detailed studies [15] , it was found that the only significant source of error for the γ-ray polarization P γ comes from the laser beam polarization:
The γ-ray beam flux (typically 10 6 Hz) is measured by a thin monitor made of three plastic scintillators, yielding an efficiency of around 3%.
The target cell consists of an aluminum hollow cylinder of 4 cm in diameter closed by thin mylar windows (100 µm) at both ends. Two different target lengths (6 and 12 cm) have been used for the present experiment. The target was filled by liquid hydrogen at 18 K (ρ ≈ 7 10 −2 g/cm 3 ). The 4π LAγRANGE detector of the GRAAL set-up allows to detect both neutral and charged particles ( fig. 1) . The apparatus is composed of two main parts: a central one (25
• ≤ θ ≤ 155 • ) and a forward one (θ ≤ 25 • ). In the following, all resolutions are given as the Full-Width Half Maximum (FWHM).
The charged-particles tracks are measured by a set of MultiWire Proportional Chambers (MWPCs). This tracking detector is described in detail in the following section.
Charged-particle identification in the central region is obtained by dE/dx technique thanks to a plastic scintillator barrel (32 bars, 5 mm thick, 43 cm long) with an ig. 1. Schematic view of the LAγRANGE detector: BGO calorimeter (1), plastic scintillator (2), cylindrical MWPCs (3), target (4), plane MWPCs (5), double plastic scintillator hodoscope (6) (the drawing is not to scale).
energy resolution ≈ 20%. For the charged particles emitted in the forward direction, a time-of-flight measurement is provided by a double plastic scintillator hodoscope (300 × 300 × 3 cm
3 ) placed at a distance of 3 m from the target and having a resolution of ≈ 600 ps. The latter detector provides also a measure of the energy loss dE/dx. Energy calibrations were extracted from the analysis of the π 0 p photoproduction reaction while the ToF calibration of the forward wall was obtained from fast electrons produced in the target.
γ-rays are detected in a BGO calorimeter made of 480 (15θ × 32ϕ) crystals, each of 21 radiation lengths so that the associated electromagnetic shower is fully contained in the calorimeter. They are identified as clusters of adjacent crystals with no associated hit in the barrel. For the low-energy photons coming from the Σ 0 decay, the cluster multiplicity is 2 on average for an energy threshold of 10 MeV per crystal. The measured photon energy resolution is 3% on average [17] [18] [19] . For a thin target, the angular resolution is 6
• and 7
• for polar and azimuthal angles, respectively (E γ ≥ 200 MeV). The polar resolution strongly depends on the target length but can be improved using the vertex information given by the tracking detector.
The tracking detector
For reactions with long-lived particles such as the Λ and/or experiments with extended target, the assumption that the particles are emitted from the centre of the target induces systematic uncertainties on the reconstructed polar angles. In the absence of a magnetic field, our analysis relies entirely on the track information. Consequently, a tracking detector measuring at least two points of the charged-particle trajectories is required.
Forward region
To cover forward angles, two plane chambers, each composed of two planes of wires, are used. To resolve the am-
